Long-chain acyl-coenzyme A (CoA) compounds (palmityl, stearyl, and oleyl) were found to be potent inhibitors of acetyl-CoA synthetase (ACS) of Saccharomyces cerevisiae strain LK2G12 from aerobic, but not from nonaerobic, cells. The effectiveness of the inhibitors of the aerobic enzyme was in the following order: palmityl-CoA < stearyl-CoA < oleyl-CoA. Short-chain acyl-CoA compounds (propionyl, butyryl, and valeryl) and long-chain fatty acids had no effect on ACS from either source. The inhibition by oleyl-CoA was found to be dependent on enzyme concentration, whereas the inhibition by palmityl-and stearyl-CoA was independent of ACS concentration. Inhibition by palmityl-CoA was noncompetitive with respect to both acetate and CoA, and with increasing concentration of inhibitor the pattern was sigmoidal, with a Hill value of 3.24. At maximally inhibitory concentrations of palmityl-CoA, a small amount of enzyme activity remained. This noninhibitable enzyme in aerobic cells was shown not to be of nonaerobic origin.
EC 6.2.1.1) catalyzes the formation of CoA esters of short-chain fatty acids. During studies on the subcellular sites involved in the synthesis of lipids in Saccharomyces cerevisiae, we obtained evidence for a bimodal distribution of acetyl-CoA synthetase (ACS) in aerobically grown cultures of this yeast (8) . The ACS was localized in the microsomal fraction obtained from cellular homogenates in the initial stages of the growth cycle, but shifted to the mitochondrial fraction when the cells reached the stationary phase of growth. On the other hand, in nonaerobic cells (that is, in cells obtained from standing cultures), the ACS was always localized in the microsomal fraction of these cells at all stages of growth.
By using solubilized preparations of ACS it was found (D. L. DeVincenzi and H. P. Klein, Fed. Proc., p. 872, 1970 ) that the enzyme obtained from aerobic cells differed from that of nonaerobic cells in a number of ways. The aerobic ACS exhibited Km values tenfold lower for acetate and three-to fourfold lower for adenosine triphosphate, and it utilized propionate as a substrate.
These observations suggested that ACS activity from aerobic and nonaerobic cells represented two different proteins. The work reported in the present investigation supports this view because long-chain acyl-CoA esters had markedly different effects on the ACS obtained from aerobic and nonaerobic cells.
MATERIALS AND METHODS Organism. S. cerevisiae strain LK2G12 was used in this investigation. Stock cultures were stored on slants containing 2% peptone, 2% glucose, 1% yeast extract, and 2% agar. Liquid media were of the same composition, with the omission of agar. For aerobic cells, 500 ml of medium in a 2-liter Erlenmeyer flask was inoculated and then incubated on a gyratory incubator-shaker at 30 C. Nonaerobic cells were grown in 1.7 liters of the same medium contained in a 2-liter flask (7) .
Preparation of cellular fractions. After incubation, the cells were collected on glass-fiber filter paper (9-cm circles), washed with water and then washed with 0.02 M tris(hydroxymethyl)aminomethane buffer, pH 7.4, containing 0.002 M MgCl2. Cells were homogenized in the same buffer by using glass beads in a Braun homogenizer as described by Schatz (14) . Cellular fractions were obtained as described earlier (6) (7) (8) . ACS In these assays, substantially higher amounts of protein were used when nonaerobic preparations were assayed because these had a lower specific activity than did aerobic preparations (7). Accordingly, it seemed possible that other proteins in the nonaerobic preparations might be binding palmityl-CoA and thus reducing it to noninhibitory concentrations. Since bovine serum albumin and hydroxylamine nonspecifically bind long-chain acyl-CoA derivatives (16), bovine serum albumin was included in some of the assays for aerobic ACS, bringing the total protein level of the aerobic preparations to that of the nonaerobic ones. Under these conditions aerobic ACS was still inhibited (Fig. 1 ). It is interesting to note that serum albumin stabilized the enzyme during the assay period and hence yielded somewhat higher activity.
The possibility that preparations of nonaerobic cells might contain deacylase activity was also tested with the method of Grunert and Phillips, which measures free sulfhydryl groups (5) . No deacylase activity was detected in these preparations.
The Hill plot of the data in Fig. 1 for ACS activity in the presence of varying concentrations of palmityl-CoA is given in Fig. 2 , from which a Hill coefficient was calculated to be 3.24. (Fig. 3, 4) . Km values of 2.08 x 10-i M and 2.38 x 10-4 M for acetate and CoA, respectively, can be calculated.
Effects of palmityl-, stearyl-, and oleylCoA on ACS activity from aerobic and nonaerobic cells. In addition to palmityl-CoA, stearyl-CoA and oleyl-CoA also were inhibitory for preparations obtained from aerobic cells.
In Table 2 , data are presented comparing the effects of these compounds on preparations obtained from 48-h-old cells grown with and without aeration. ACS obtained from aerobic preparations (either from the mitochondrial or microsomal fractions) was substantially inhibited. Nonaerobic preparations were essentially unaffected. tration that inhibited the ACS approximately 90%. In contrast to the ACS from nonaerobic cells, which is very sensitive to acetate concentrations below 2 x 10-2 M, the residual ACS activity found in the presence of palmityl-CoA was unaffected by corresponding decreases in the acetate concentrations (Fig. 6) . This suggests that aerobic cells do not simultaneously contain a small amount of the nonaerobic form of enzyme, but rather that a small fraction of aerobic ACS may be bound in such a way as to make it unaccessible to the acyl-CoA inhibitors.
DISCUSSION
Data presented in this paper show that longchain fatty acid CoA esters are potent inhibitors of the acetyl-CoA synthetase of S. cerevisiae obtained from cells grown under aerobic conditions. On the other hand, with preparations from nonaerobic cells, these compounds were virtually without effect at the concentrations tested.
The mechanism of action of the long-chain acyl-CoA inhibitors on the aerobic ACS is unknown. A number of enzymes concerned with lipogenesis or ketogenesis have been shown to be inhibited by these compounds. Among these are: acetyl-CoA carboxylase (11, 19) , citrate synthetase (15), glucose-6-phosphate dehydrogenase (4), nicotinamide nucleotide transhydrogenase (13) , and other enzymes (16) . Possible regulatory mechanisms have been proposed (18) for the action of these compounds based on There appears to be no obvious reason why aerobic, but not nonaerobic, cells would be regulated in their metabolism of acetate by the long-chain acyl-CoA compounds tested here. However, the data are consistent with such a role. Under nonaerobic conditions, the rate of formation and the absolute amount of acetate formed during glucose degradation are very low (3) . Because the Km of the ACS of such cells for acetate is high, there would be a considerably lower rate of formation of acetyl-CoA than in aerobic cells. In nonaerobic cells, then, the rate of synthesis of lipids, including fatty acids, would be relatively slow. These factors undoubtedly play a significant role in the final low total lipid content of nonaerobic yeast cells (6) . On the other hand, under aerobic conditions this yeast strain rapidly degrades glucose to ethanol and, after the glucose has essentially disappeared, the ethanol is oxidized to acetate (3). Under these conditions, considerably more acetate would be available for conversion to acetyl-CoA. We presume that substantially larger amounts of acetyl-CoA would then be condensed to long-chain acyl-CoA compounds. At the same time, we presume that under these conditions, the availability of sn-glycerol 3-phosphate for glyceride synthesis will be inadequate, and then, unless the acyl-CoA compounds are removed by immediate condensation to phosphatides or other glycerides, these esters (or their deacylated derivatives) may accumulate to levels that would be deleterious to functioning of vital enzymes or structures (e.g., mitochondria [2, 20] ) in the aerobic cells.
Accumulation of long-chain acyl-CoA compounds could then be prevented by a feedback inhibition of acetyl-CoA formation.
